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(57) [Abstract] 

[Problems to be Solved by the Invention] 

cross section shape of core which makes decrease of 
connection loss of optical waveguide and optical fiber and 
decrease of optical loss of optical waveguide possible offers 
polymer optical waveguide and its manufacturing method of 
round. 

[Means to Solve the Problems] 

As for polymer optical waveguide, cross section shape of core 
is round. 

polymeric material preferably polyimide* furthermore is 
preferably fluorinated polyimide. 

As for this kind of polymer optical waveguide, cross section 
shape of core first polymer optical waveguide of the 
semicircle and cross section shape of core it can form second 
polymer optical waveguide of semicirc!e,it can produce by 
fact that in order for mutual core tooppose, it superposes 
these. 
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[Claim(s)] 
[Claim 1] 

With polymer optical waveguide which possesses core and 
cladding which consistof polymeric material, 

cross section shape of aforementioned core is round and 
polymer optical waveguide 0 which is made feature 

[Claim 2] 

Aforementioned polymeric material is polyimide and polymer 
optical waveguide© which is stated in Claim 1 which is made 
feature 

[Claim 3] 

Aforementioned polyimide is fluorinated polyimide and 
polymer optical waveguide 0 which is stated in Claim 2 
which is made feature 

[Claim 4] 

With method which produces polymer optical waveguide 
which possesses core and cladding which consist of polymeric 
material, 

stepo where cross section shape of core forms first polymer 
optical waveguide of semicircle 
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step 0 where cross section shape of core forms second 
polymer optical waveguide of semicircle 

Aforementioned first polymer optical waveguide and 
aforementioned second polymer optical waveguide , in order 
formutual core to oppose, step Q which it superposes 

manufacturing methodo of polymer optical waveguide which 
it possesses and makes feature 

[Claim 5] 

Aforementioned polymeric material is polyimide and 
manufacturing methodo of polymer optical waveguide 
whichis stated in Claim 4 which is made feature 

[Claim 6] 

Aforementioned polyimide is fluorinated polyimide and 
manufacturing methodo of polymer optical waveguide 
whichis stated in Claim 5 which is made feature 

[Claim 7] 

manufacturing methodo of polymer optical waveguide which 
is stated in any Claim of Claims 4 through 6 towhich 
description above step which is superposed includes the step 
which aforementioned first polymer optical waveguide and 
aforementioned second polymer optical waveguide the 
thermobonding is done and makes feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards polymer optical waveguide and its 
manufacturing method which possess structure whose 
connection with polymer optical waveguide and its 
manufacturing methods especially optical fiber iseasy. 

[0002] 

[Prior Art] 

Development of part for various optical communication is 
desired with development of low loss optical fiber attendant 
upon utilization of optical communication system. 

In addition establishment of optical circuitry technology* 
especially optical waveguide technology which mountsthese 
optical component in high density is desired. 

[0003] 

Generally, optical loss is small to optical waveguide , or other 
characteristic where productioneasy, can control refractive 
index difference of core and cladding, is superior in heat 
resistance is required. 
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[0004] 

quartz-based is examined mainly as low loss optical 
waveguide. 

With optical fiber like actual proof end as for quartz because 
the optical transparency quite is satisfactory, when it applies 
to optical waveguide, optical loss reduction of 0. 1 dB/cm or 
less is achieved in wavelength 1.3 ;mu m. 

[0005] 

In addition, as for polymethylmethacrylate or other polymer 
optical waveguide preparation step of those which are inferior 
to quartz-based optical waveguide concerning optical loss 
simplicity, refractive index difference of core and cladding 
there is a or other strength which can come off largely. 

[0006] 

By way, from until recently cross section shape of core of 
quartz-based optical waveguide or polymer optical waveguide 
has become square or rectangle from restriction on 
preparation step. 

With manufacturing method of namely, general optical 
waveguide, plasma or light is applied through the mask, in 
order to form recess which imbeds core with ,cross section 
shape of core becomes linear. 

Because of that, person skilled in the art cross section shape 
of core is square or rectangle, the optical waveguide which 
has core which possesses cross section shape of square or 
rectangle without adding examination for what cross section 
shape whether it is properfrom until recently of, with way, 
was used. 

But, this inventor only square or rectangle can do cross 
section shape of the core, when optical circuitry technology* 
especially optical waveguide technology which mounts 
optical component in the high density establishing you say 
that it is a serious problem, you recognized. 

Because, as for optical waveguide connecting with optical 
fiber generally, it isused, but when cross section shape of core 
of optical waveguide is square or rectangle vis-a-vis cross 
section shape of core of optical fiber being round, how itraises 
bonding efficiency, has become problem where (Namely is 
connection loss how decreased? ) in regard toutility is large of 
satisfactory bonding efficiency is achieved is difficult in spite. 

Until recently, in order in order to achieve improvement of 
thiskind of bonding efficiency, core diameter drawing to be 
packed, core of the square cross section and optical fiber of 
circular cross section to be piled up if possible well the fine 
adjustment is done. 
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[0009] 
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[OOll] 
[0012] 

axe*. 37o>KiB»tt*<*ntt 



This kind of time and technique which wastes expense must 
beadopted, those are not anything less than because cross 
section shape of the core of conventional optical waveguide is 
square or rectangle. 

[0007] 

In addition saying from viewpoint of optical loss, it is thought 
that theone where cross section shape of core of optical 
waveguide is round is good. 

As for optical loss of quartz-based optical fiber as for 
quartz-based optical waveguide it is called 0.0 1 dB/cm with 
top data vis-a-vis being called 0.2 dB/km. 

four digits optical loss differs truly from 3. 

cross section shape of core in round just was done four digits 
is not thecase that optical loss becomes good from 3. You can 
expect improvement of a some optical loss. 

[0008] 

As above explained, research and development of optical 
waveguide day night is done of cross section shape of core as 
for optical waveguide of round was not knownwith many 
researcher in spite. 

[0009] 

[Problems to be Solved by the Invention] 

As for objective of this invention, cross section shape of core 
which makes thedecrease of connection loss of optical 
waveguide and optical fiber and thedecrease of optical loss of 
optical waveguide possible is polymer optical waveguide of 
round and to offer its manufacturing method. 

[00 10] 

[Means to Solve the Problems] 

In order to solve above-mentioned problem, as for polymer 
optical waveguide which isbased on this invention, with 
polymer optical waveguide which possesses core and the 
cladding which consist of polymeric material, cross section 
shape of core is round, it makes feature. 

[OOll] 

preferably* polymeric material polyimide. furthermore is 
preferably fluorinated polyimide. 

[00 12] 

As for manufacturing method of polymer optical waveguide 
being based on this invention, with method which produces 
polymer optical waveguide which possesses core and 
cladding whichconsist of polymeric material, step Q first 
polymer optical waveguide and second polymer optical 
waveguide where cross section shape of the step Q core where 
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[0017] 

[0018] 



cross section shape of core forms first polymer optical 
waveguide of semicircle forms second polymer optical 
waveguide of semicircle, In order for mutual core to oppose, 
it possesses step whichit superposes it makes feature. 

[0013] 

preferably> polymeric material polyimide* furthermore is 
preferably fluorinated polyimide. 

[0014] 

preferably * step which is superposed includes step which the 
first polymer optical waveguide and second polymer optical 
waveguide thermobonding is done. 

[0015] 

[Embodiment of the Invention] 

Below, polymer optical waveguide and its manufacturing 
method which are based on this invention areexplained. 

[0016] 

As for polymer optical waveguide which is based on this 
invention, with polymer optical waveguide whichpossesses 
core and cladding which consist of polymeric material, the 
cross section shape of core is round. 

As polymeric material, there is not especially limitation. You 
can open polymethylmethacrylate * polycarbonate, 
aromatic polyester H polyarylate, epoxyresin* silicon 
resin > acrylic resin and those fluoride x deuterated product 
etc which have actual result as the material for optical 
waveguide. 

polymeric material which is superior in preferably heat 
resistance is good, most preferred is the polyimide. 

Furthermore fluorinated polyimide which to optical 
transparency % moisture resistance is superior even in 
polyimide furthermore is good. 

[0017] 

cross section shape of above-mentioned core true circle is 
best, but thosewhich become a little distorted. It is good even 
with those of for example ellipse. 

It decides dimension of core, according to application it 
ispossible , from diameter several ;mu m between of several 
1 00 ;mu m is most general. 

[0018] 

It can produce polymer optical waveguide of 
above-mentioned constitution like below. 

Here, when polymer optical waveguide is polyimide optical 
waveguide, being attached, you explain. 
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[00 19] 

First in beginning, cross section shape prepares those of 
semicircle with the convex shape mold. 

In silicon wafer or other group plate shape index of refraction 
precursor solution of relatively small polyimide with spin 
coating or other method coating fabric is done in uniform. 

thermal cure doing this, you obtain polyimide film. 

It mounts in press where temperature control can do this 
polyimide film next, sets to temperature below thermal 
decomposition onset temperature with glass transition 
temperature or greater of polyimide film. 

cross section shape mounts convex shape mold of semicircle 
on this polyimide film, applies the pressure with set 
temperature. 

After cooling press next, removing convex shape mold from 
polyimide film, the cross section shape obtains polyimide film 
of semicircle. 

This becomes bottom cladding layer. 

Coating fabric after doing, thermal cure doing precursor 
solution of polyimide where index of refraction which 
becomes core portion on this is large relativelywith spin 
coating or other method, you obtain polyimide film. 

cross section shape of cladding protrusion is removes 
polyimide of core from portion of semicircle. 

There is also a method which such as reactive * ion * etching 
dry etching is done, as the method which it removes, but 
grinding in order to actualize low production cost, it is ideal to 
remove. 

polyimide optical waveguide where cross section shape of 
cladding core was imbedded to the portion of semicircle this 
way is possible. 

polyimide optical waveguide where cross section shape of this 
cladding core was imbedded to the portion of semicircle 
turning over 2 making and one layer, in order for core portion 
to be piled up, adjusting, you repeat 2. 

It mounts in press where temperature control can do this, with 
glass transition temperature or greater of polyimide film 
applies pressure with temperature below thermal 
decomposition onset temperature. 

After cooling press next, removing from press, cross section 
shape of core obtains polyimide optical waveguide of round. 



[0020] 

Below, while referring to drawing, you explain embodiment 
of the polymer optical waveguide and its manufacturing 
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method which are based on this invention. 

Figure 1 is schematic sectional view which shows one 
example of polymer optical waveguide which isbased on this 
invention. 

In addition, Figure 2 is sectional view of convex shape mold 
where cross section shape whichis used for manufacturing 
method of polymer optical waveguide which is based on this 
invention has the raised part of semicircle. 

Furthermore, Figure 3 is sectional view which explains each 
step of the manufacturing method of polymer optical 
waveguide which is based on this invention. 

[0021] 

As for polymer optical waveguide which is based on this 
invention, as shown in Figure 1 ,cross section shape has core 1 
of round and cladding 2 which surrounds the said core 1 . 

It can produce polymer optical waveguide which consists of 
this kind of structure, likebelow. 

[0022] 

Here, you explain concerning fluorinated polyimide optical 
waveguide. 

First in beginning, bottom cladding layer 4 which consists of 
polyimide film in one surface of substrate 3 is formed. 

namely, 2, 2- bis (3 and 4 -dicarboxy phenyl ) 
hexafluoropropane dianhydride and 2 and 2 '-bis 
(trifluoromethyl ) - N, N- dimethylacetamide (Below DMAc 
you briefly describe. ) solution (Fixed amount concentration 
1 5 wt°/cu viscosity 80 poise ) of fluorinated polyamic acid 
which is produced from 4 and 4 '-diamino biphenyl in 
substrate 3 the spin coating after doing, it increases 
temperature gradually in oven, 1 hour heats lastly with 350 
deg C, it forms bottom cladding layer 4 which consistsof 
polyimide film (low index of refraction polyimide layer ) 
(Figure 3 (a )). 

[0023] 

Next, with mold 10 which is shown in Figure 2, it mounts 
substrate 3 where bottom cladding layer 4 is laminated in 
heated press, increases press temperature* press pressure 
gradually, makes finally 380 deg C> 60 kg/cm 2 . 

After that it cools heated press, removes mold 10, it makes 
bottom cladding layer 4' which consists of low index of 
refraction polyimide layer where cross section shape has 
recess of the semicircle, (Figure 3 (b )). 

[0024] 

On bottom cladding layer 4' which possesses recess, 2 and 2 
-bis (3 and 4 -dicarboxy phenyl ) hexafluoropropane 
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dianhydride 0.7 mol and pyromellitic dianhydride 0.3 mol and 
2 and 2 '-bis (trifluoromethyl ) - spin coating after doing 
DMAc solution (Fixed amount concentration 15 wt% s 
viscosity 80 poise ) of fluorinated polyamic acid which is 
produced from starting material monomer of ratio of 4 and4 
'-diamino biphenyl 1 mol, it increases temperature gradually 
in oven, 1 hour heats lastly with 350 deg C, it provides core 
layer 5 which consists of polyimide film (high index of 
refraction polyimide layer ), (Figure 3 (c )). 

[0025] 

bottom cladding layer (low index of refraction polyimide 
layer ) 4 ' core layer which is laminated on (high index of 
refraction polyimide layer ) 5 is ground, byfact that core layer 
portion which embedding is done is left, cross section shape 
forms core 1' of semicircle in recess of bottom cladding layer 
4' (Figure 3 (d )). 

polyimide optical waveguide (first optical waveguide 
portion ) where cross section shape has core of semicircle this 
way isacquired. 

[0026] 

To similar, Figure 3 (a ) - step of (d ) over again, polyimide 
optical waveguide (second optical waveguide portion ) where 
cross section shape has core of semicircle is obtained. 

[0027] 

Above-mentioned second optical waveguide portion which 
reverses on above-mentioned first optical waveguide portion 
is superposed. 

namely, mutual bottom cladding layer 4' and in order for core 
6 to oppose you pileup. 

This it mounts optical waveguide portion of first and second 
which is superposed in the heated press, increases press 
temperature* press pressure gradually, makes finally 380 deg 
C, 60 kg/cm 2 . 

This way polyimide optical waveguide where cross section 
shape has core 1 of round and the cladding 2 which covers 
said core 1 by thermobonding doing is acquired. 

[0028] 

core diameter of polyimide optical waveguide where this 
cross section shape has core 1 of round isapproximately 8;mu 



Z0)mSL»lZ»§k 1.3 U m (Z> TE »0>#£aU 
*»**«SLfcfcC5 % 0.2dB/cm fcAfffttt 



In this waveguide when optical loss was measured through 
light of the TE mode of wavelength 1.3 ;mu m, 0.2 dB/cm and 
satisfactory characteristic wereshown. 

optical loss of poly K optical waveguide where 
dimension has core of 8 X 8 ;mu m square making use of core 
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materials cladding charge of same composition is 0.4 dB/cm. 

In addition when you connected with single mode optical 
fiber of core diameter 8 ;mu m positioning of core could be 
done smoothly. 

[0029] 

[Effects of the Invention] 

As above explained, because polymer optical waveguide and 
its manufacturing method which are based on this invention 
are something where cross section shape has core of 
round,optical loss is small, in addition makes connection with 
optical fiber easy. 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

it is a sectional view of polymer optical waveguide which is 
based on this invention. 

[Figure 2] 

It is a sectional view of convex shape mold which is applied 
to manufacturing method of polymer optical waveguide 
which is based on this invention. 

[Figure 3] 

It is a sectional view which shows each step of manufacturing 
method of polymer optical waveguide whichis based on this 
invention. 

[Explanation of Symbols in Drawings] 

core 
10 

mold 
2 

cladding 
3 

substrate 
4 

cladding layer 
5 

core layer 
[Figure 1] 
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[Figure 2] 



[Figure 3] 
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